Introduction
Inaccuracies may be associated with the use of values for apparent ileal amino acid digestibilities in practical feed formulation because values obtained for individual ingredients are not always additive when mixed together (Furuya and Kaji, 1991; Rademacher et al., 1999) . Inaccuracies may occur because apparent ileal amino acid digestibility coefficients are dependent on the dietary level of that amino acid (Li et al., 1993; Fan et al., 1994; Rademacher et al., 1999 
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between growing pigs and lactating sows. Overall, gestating sows had higher (P < 0.05) SID for crude protein and all amino acids, except for tryptophan and aspartate, compared with growing pigs. Likewise, the SID of most amino acids obtained by gestating sows were higher (P < 0.05) than those obtained by lactating sows. Interactions (P < 0.05) between animals and diets were observed for gestating sows compared with growing pigs as well as gestating sows compared with lactating sows. As a consequence, it is not possible to extrapolate data from one feed ingredient to another. On most occasions, the lowest SID among the indispensable amino acids was calculated for threonine, valine, and lysine. It is concluded that gestating sows fed 2 kg of feed per day have higher standardized digestibility coefficients than do growing pigs and lactating sows given free access to their diets. This difference may be due to differences in daily feed intake rather than to the physiological status of the animals.
is especially true when low-protein feed ingredients, such as cereal grains, are included in the feed mixture. This situation can be ameliorated by correcting the apparent ileal amino acid digestibility coefficients for the nonspecific (basal) endogenous losses of amino acids (Mariscal-Landin, 1992; Jondreville et al., 1995) . Values obtained after this correction are described by the term standardized ileal digestibility coefficients (SID). By using SID rather than apparent ileal digestibility coefficients, digestibility coefficients that more correctly estimate the nutritional value of a feed mixture can be calculated (Jondreville et al., 1995; Rademacher et al., 1999) .
Standardized ileal digestibility coefficients have been reported for a wide range of feed ingredients by Jondreville et al. (1995) and by Rademacher et al. (1999) . However, all these digestibility coefficients were determined using growing pigs, and no data exist for gestating and lactating sows. Therefore, it is presently not known whether the results from growing pigs are also representative for gestating and lactating sows. In the present work, SID for protein and amino acids in six common feed ingredients were estimated using growing pigs, and gestating and lactating sows. The objective was to compare the values obtained for each of the three animal groups to test the hypothesis that SID obtained in growing pigs are also representative for gestating and lactating sows.
Materials and Methods
Apparent ileal digestibility coefficients for protein and amino acids in corn, barley, wheat, soybean meal, canola meal, and meat and bone meal were previously estimated by the direct method for growing pigs and gestating and lactating sows (Stein et al., 1999a) . The amino acid composition of the six feed ingredients is shown in Table 1 . Diet composition and procedures for animal handling, digesta collections, and sample processing have been described in detail (Stein et al., 1999a) . In short, 12 growing pigs and 12 gestating sows were equipped with T-cannulas in the distal ileum for digesta collection using the method described by Stein et al. (1998) . Six diets containing one of each of the feed ingredients were formulated. Six sows and six growing pigs were arranged in a repeated 3 × 3 Latin square design and fed the three diets containing the corn, the wheat, and the barley, respectively. The remaining six sows and six growing pigs were used in a similar arrangement and fed the three diets containing the soybean meal, the canola meal, and the meat and bone meal, respectively. Chromium oxide (0.25%) was included in all diets as an inert marker.
Growing pigs and lactating sows were allowed ad libitum access to their diets, whereas gestating sows were restricted to 2 kg of feed per day. Apparent ileal amino acid digestibility coefficients were calculated using the following equation (Fan et al., 1995) :
where AID is the apparent ileal digestibility coefficient of an amino acid (%), AAd is the amino acid content in ileal digesta (mg/kg DM), AAf is the amino acid content in feed (mg/kg DM), and Crf and Crd are the chromium content in the feed DM and in the ileal digesta DM, respectively. Apparent ileal digestibility of protein was calculated in a similar way.
The nonspecific endogenous losses of protein and amino acids were previously estimated for growing pigs and gestating and lactating sows (Stein et al., 1999b) . Ten growing pigs and five sows were fed a nitrogen-free diet, and digesta were collected at the distal ileum. Also in that diet, chromium oxide was included at a level of 0.25%. The sows were fed the experimental diet during lactation as well as during gestation. Growing pigs and lactating sows were allowed ad libitum access to the diet, whereas gestating sows were restricted to 2 kg of feed per day. Details on diet formulation have been described previously (Stein et al., 1999b) . All experimental procedures in this experiment were identical to those in Exp. 1. The nonspecific losses of amino acids were calculated using the following equation (Moughan et al., 1992) :
where EAL is the endogenous loss of an amino acid (mg/kg DMI), AAd is the concentration of that amino acid in digesta (mg/kg DM), Crf is the chromium content in feed DM, and Crd is the chromium content in digesta DM. The endogenous loss of protein was calculated using the same equation.
To calculate SID, values for apparent ileal digestibilities and the nonspecific endogenous losses were added according to the following equation (Jondreville et al., 1995) :
where SID represents the standardized ileal digestibility coefficient (%) of an amino acid, AID is the apparent ileal digestibility coefficient (%) calculated using Eq.
[1], EAL is the nonspecific endogenous loss of that amino acid measured at the distal ileum (mg/kg DMI) after feeding the protein-free diet and calculated according to Eq.
[2], and AAf is the dietary content of the amino acid (mg/kg diet DM). The same equation was used to calculate the SID for protein.
Results were statistically analyzed using the Proc Mixed procedure of SAS, SAS Institute, Cary, NC. Values for SID obtained for gestating sows and lactating sows were compared using a repeated measures Means within a row lacking a common superscript differ (P < 0.05).
analysis. Values obtained for growing pigs were compared with those obtained in gestating sows and lactating sows, using a model that included the physiological status of the animal, the diet, and the interaction between the physiological status and the diet as the main effects. Treatment means were separated using a least significant difference test. The experiments reported here were approved by the University of Illinois Laboratory Animal Care Committee (protocol no. A3S-164).
Results
The calculated SID for the six feed ingredients are presented in Tables 2 to 7 . The SID for tryptophan in corn and wheat were higher (P < 0.05) in lactating sows than in growing pigs. For arginine, the SID for corn in lactating sows was lower (P < 0.05) than in growing pigs, but for all other indispensable amino acids and for crude protein, no differences (P > 0.05) between growing pigs and lactating sows were observed for any of the feed ingredients evaluated. The SID for proline in corn, barley, soybean meal, and canola meal were lower (P < 0.05) in lactating sows than in growing pigs. The same was true for the SID of glutamate for corn, but for all other dispensable amino acids, no differences (P > 0.05) between growing pigs and lactating sows were observed in any of the feed ingredients. Means within a row lacking a common superscript differ (P < 0.05). Means within a row lacking a common superscript differ (P < 0.05). Means within a row lacking a common superscript differ (P < 0.05).
Gestating sows had higher (P < 0.05) SID than growing pigs in corn for crude protein and all amino acids except proline and aspartate. Likewise, in soybean meal gestating sows had higher (P < 0.05) SID than growing pigs for crude protein and all amino acids except tryptophan and aspartate. For meat and bone meal, gestating sows had higher (P < 0.05) SID than growing pigs only for arginine, methionine, phenylalanine, and cysteine. In the case of barley, the SID for crude protein, glycine, and proline were higher (P < 0.05) in gestating sows than in growing pigs, whereas those for the remaining amino acids were not different (P > 0.05) between these two groups. In wheat and canola meal, the SID for protein and amino acids in gestating sows were not different (P > 0.05) from those in growing pigs.
The SID of crude protein and all amino acids except tryptophan and serine in corn and threonine, tryptophan, serine, and tyrosine in soybean meal were higher (P < 0.05) for gestating sows than for lactating sows. In meat and bone meal, the coefficients for isoleucine, phenylalanine, cysteine, and proline in gestating sows were higher (P < 0.05) than in lactating sows, whereas for the remaining amino acids and for crude protein they were not different (P > 0.05). For the remaining feed ingredients, SID obtained in gestating sows were, with a few exceptions, not different (P > 0.05) from those obtained in lactating sows.
The combined results for the six feed ingredients are presented in Table 8 . For crude protein and all amino acids, except tryptophan and aspartate, gestating sows had higher (P < 0.05) SID than had growing pigs. Likewise, coefficients for crude protein and all amino acids, except leucine, threonine, tryptophan, and serine, were higher (P < 0.05) in gestating sows than in lactating sows. The coefficients for crude protein and all amino acids, except tryptophan and proline, in growing pigs were not different (P > 0.05) from those in lactating sows.
Except for proline, there were no interactions (P > 0.05) between the values in growing pigs and those in lactating sows (Table 9 ). However, interactions (P < 0.05) for the SID in growing pigs compared with gestating sows were observed for crude protein and all amino acids except lysine, aspartate, and proline. Comparing lactating sows and gestating sows, interactions (P < 0.05) were observed for crude protein and all amino acids except for threonine, tryptophan, cysteine, proline, and serine.
Discussion
The endogenous losses of protein and amino acids in pigs can be divided into the nonspecific (or basal) losses and the diet-specific losses (Jondreville et al., 1995; Boisen, 1998) . The nonspecific losses represent the amino acid losses that are related only to the DMI of the animal and are not influenced by the type of diet or the feed ingredient itself. However, most feed ingredients also induce additional diet-specific endogenous losses because of their content of fiber (Schulze et al., 1994 (Schulze et al., , 1995b Leterme et al., 1996) or antinutritional factors (le Guen et al., 1995; Schulze et al., 1995a) . The nonspecific endogenous losses of amino acids can be measured after feeding a protein-free diet, a casein-based diet, or a diet based on hydrolyzed casein. The values for nonspecific endogenous losses are used to calculate SID. Because SID are not corrected for the diet-specific endogenous losses induced by the feed ingredient itself, they should not be referred to as true digestibility coefficients (Nyachoti et al., 1997) . The SID are not related to the dietary level of crude protein and amino acids, and they are likely to be more additive in a mixed diet than values for apparent ileal digestibility coefficients (Jondreville et al., 1995; Boisen and Moughan, 1996; Rademacher et al., 1999) .
The SID for growing pigs in the present experiment were close to values previously reported (Jondreville et al., 1995; Rademacher et al., 1999) for wheat, barley, and soybean meal. Our values for corn are lower, and the values for canola meal and for meat and bone meal are higher than the values presented by Jondreville et al. (1995) and Rademacher et al. (1999) . The differ- Table 8 . Standardized ileal digestibility coefficients (%) of crude protein and amino acids for corn, barley, wheat, soybean meal, canola meal, and meat and bone meal by growing pigs, and gestating and lactating sows NS = Non significant; * = P < 0.05; ** = P < 0.01; *** = P < 0.005.
amino acids per se, but rather by differences in the nonspecific endogenous losses of amino acids. It has been reported that the nonspecific losses of protein and amino acids, expressed as grams per kilogram of DMI, decrease with increasing DMI (Furuya and Kaji, 1992; Butts et al., 1993; Stein et al., 1999b) . The lactating sows had a higher daily feed intake of the tested feed ingredients as well as of the protein-free diet used to measure the nonspecific endogenous losses (Stein et al., 1999a,b) . Therefore, the differences in the nonspecific endogenous losses may have been caused by differences in daily feed intake. Gestating sows had the highest (P < 0.05) SID for crude protein and most amino acids compared with growing pigs and lactating sows. Previously, it was reported that apparent ileal digestibility coefficients for gestating sows are lower than those determined for lactating sows, but usually not different (P > 0.05) from those obtained for growing pigs (Stein et al., 1999a) . However, it was also reported (Stein et al., 1999b) that the nonspecific endogenous losses of crude protein and all amino acids for gestating sows restricted in their feed intake were higher (P < 0.05) than for lactating sows and growing pigs given ad libitum access to the diet. In addition, endogenous losses per kilogram of DMI for gestating sows fed only 2 kg of feed per day were also higher (P < 0.05) than for gestating sows given free access to their diet. Because SID are corrected for the nonspecific endogenous losses, the differences in endogenous losses between the three groups of animals are the reason why the results of this experiment are different from those on apparent ileal digestibilities previously reported. Consequently, the differences in SID between gestating sows and growing pigs and lactating sows in the present experiment may have been caused by differences in feed intake rather than by the physiological condition of the animal. Nonetheless, the feeding levels used in this experiment for all three groups of animals are close to what is usually used under practical feeding conditions. Therefore, it is likely that the results of this experiment reflect the situation under practical conditions. The results also highlight that if the nonspecific endogenous losses of amino acids measured at the distal ileum are expressed as grams per kilogram of DMI, the daily feed intake influences these losses.
If it is accepted that the reason for the higher SID for gestating sows as compared with growing pigs and lactating sows is the lower daily feed intake, it indicates that the coefficients will decrease as DMI increases. In other words, the digestibility and absorption of amino acids decrease as daily feed intake increases. In contrast, the apparent ileal digestibility coefficients of amino acids have been reported not to be influenced by the feeding level of the animal (Sauer et al., 1982; Haydon et al., 1984) . This difference between apparent and standardized ileal amino acid digestibility coefficients can be explained by the fact that the nonspecific endogenous losses are reduced as DMI increases. Because apparent ileal digestibility coefficients are not corrected for the endogenous losses, the decreasing endogenous losses of amino acids with increasing DMI offsets the decreasing digestibility and absorption of amino acids, resulting in constant digestibility coefficients regardless of DMI. In contrast, when calculating SID, the nonspecific endogenous losses are excluded from the calculation, and, therefore, the decreasing digestibility and absorption of amino acids with increasing DMI cannot be offset, resulting in decreasing SID with increasing DMI.
The fact that there were significant interactions between animals and diets when gestating sows were compared with either lactating sows or growing pigs indicates that the differences in SID between these animal groups are not of the same magnitude for all feed ingredients. Therefore, it is not possible to extrapolate data from one feed ingredient to another.
In conclusion, the results from the present experiment suggest that SID obtained for growing pigs are also representative for lactating sows, if both groups of animals are consuming their diets on an ad libitum basis. However, coefficients obtained for growing pigs given free access to the diet are not representative for gestating sows restricted to 2 kg of feed per day. In general, SID seem to be influenced by the feeding level of the animal.
Implications
Results of the present experiment suggest that, in practical feed formulation, similar standardized ileal digestibility coefficients can be used for growing pigs and lactating sows provided that both groups are given free access to their diet. However, there are real differences in the digestion and absorption of amino acids between growing pigs given free access to their feed and gestating sows restricted to 2 kg of feed per day. Therefore, standardized ileal digestibility coefficients obtained by growing pigs are not representative for standardized ileal digestibility coefficients by gestating sows.
